ABSTRACT
INTRODUCTION
The genus Piper, which belongs to the family Piperaceae is the largest in the family. The family consist of more than 1000 species, occurs throughout the tropical and subtropical regions (Parthasarathy et al., 2006) . People throughout the tropics use Piper for many purposes, such as food, ornamentals, spices, perfumes, oils, insecticides, and many medicines. The genus Piper is widely distributed in the understory and secondary vegetation of tropical forests, particularly in Asia and Neotropics. They are characterized by a shrubby to sub-tree habit, thickened nodes and spicate inflorescences with minute bracteates flowers (Wadt et al., 2004) .
In Sri Lanka the genus Piper is represented by ten species (Table 01 ). The main cultivated crops in the genus include Piper nigrum L. and P. betle L. Three species are endemic to the country; P. zeylanicum Miq. P. trineuron Miq. and P. walkeri Miq., whereas five species are considered as introduced. P. walkeri Miq. and P. trineuron Miq. are found to be recorded in few localities of the country and P. hymenophyllum Miq. is considered as an extremely rare species. P. sylvestre Lam. is the most widespread Piper species in the country. P. siriboa L., P. longum L. and P. chuvya (Miq.) C. DC. are commonly used in traditional medicines (Huber, 1987; Edirisinghe, 2009; Senaratna, 2001; Liyanage & Senanayake, 2010) .
People have used genetic material from crop wild relatives to improve the quality and yield of crops for thousands of years. Natural crosses between crops and their wild relatives have occurred since the beginnings of agriculture. Recently plant breeders have started to utilize the genes of crop wild relatives to improve a wide range of crops. Further, crop wild relatives are essential components of natural ecosystems and agricultural eco-systems. Therefore they are vital for maintaining ecosystem health. In order to improve agricultural production, increase food security, and maintain a healthy environment, conservation and sustainable use of crop wild relatives is very important. Although Sri Lanka is an important centre for crop wild relative diversity, these populations are under threat due to habitat destruction and other human activities (Department of Agriculture, Government of Sri Lanka, 2006 (Shun et al., 2007; Chakraborty and Shah, 2011) . Due to their biological activities, plant secondary metabolites have been used for centuries in traditional medicine (Bourgaud et al., 2001 ).
This study aimed to reveal the interspecific relationships of selected Piper species based on the variation in qualitative phytochemical screening and phenetic approach. 
Seewiya-wel, Mala bulath P. siriboa L.
Rata bulat wel, Rata karal, Siribo P. sylvestre Lam.
Wal gammiris-wel P. zeylanicum Miq.
-P. walkeri Miq.
-P. trineuron Miq.
-P. hymenophyllum Miq.
- Sources: Huber, 1987; Senaratne, 2001 The Journal of Agricultural Sciences, 2016, vol.11, no. 3 157
MATERIALS AND METHODS

Phenetic Variation
Plant specimens of Piper nigrum, P. betle, P. longum, P. chuvya, P. siriboa, P. sylvestre, P. zeylanicum and P. walkeri were collected from natural habitats and cultivations. Two varieties of P. longum and three varieties of P. betle (Ratadalu, Maneru and Nagawalli) were used for the study. Morphological characters of leaves, the shape of the spadices were observed, internodal distance, petiole lengths were measured using a measuring tape.
A mature leaf was used for the preparation of epidermal peels for the observations. Several leaf pieces obtained from close to the mid rib were excised and were immersed in two consecutive treatments of 5% KOH (24-48 hours per treatment), then rinsed in deionized water and treated for a few minutes in glacial acetic acid and cleared in bleach (6% Sodium hypochlorite). Following the clearing, samples were dehydrated in an ethanol series and stained in safranin for 30 seconds. After that the samples were mounted onto microscopic slides. Mesophyll tissues were removed under a dissecting microscope leaving only the epidermis to be mounted (Carpenter, 2006) . Both adaxial and abaxial epidermal specimens were prepared for each leaf sample. Cross sections were taken from leaves and stems. Specimens were examined under Labomed LX 400 trinocular research microscope equipped with Labomed iVu 3000 camera and photomicrographs were prepared.
Morphological features and anatomical features (Table 02 .) of the leaves were used to construct the phenogram by PAST (Paleontological STatistics) software to interpret phenetic relationships of the taxa. Principal component analysis (PCA) was carried out using the same software.
Qualitative Phytochemical Screening
Leaves were thoroughly washed and air dried, powdered using a grinder and the powder (20 g) was extracted sequentially with petroleum ether (50 ml), chloroform (50 ml), ethyl acetate (50 ml) and methanol (50 ml) respectively by keeping overnight in a shaker and then the extracts were filtered.
Water extracts were obtained by boiling (20 g) of powdered leaf materials of each specimen in 50 ml of distilled water and were filtered.
All the extracts were subjected to preliminary phytochemical screening following standard procedures (Harborne, 1998 : Khandelwal, 2008 . To 2-3 ml of extract 0.1% FeCl 3 was added and observed for brownish green or a blue black colouration which showed the presence of tannins.
ii) Saponins
The extract was shaken vigorously to obtain a stable persistent froth. The frothing is then mixed with 3 drops of olive oil and for the formation of emulsion which indicates the presence of saponins.
iii) Flavonoids (a) A few drops of 1% NH 3 solution was added to the extract of each plant sample in a test tube. A yellow coloration is observed if flavonoids compound were present.
(b) Alkaline reagent test
Test solution when treated with sodium hydroxide solution shows increase in the intensity of yellow colour, which becomes colourless on addition of few drops of dilute acid.
iv) Terpenoids
Extract of each plant sample (5 ml) was mixed with 2 ml of CHCl 3 in a test tube 3 ml of concentrated H 2 SO 4 was carefully added to the mixture to form a layer. An interface with a reddish brown coloration is formed if terpenoids constituent is present.
v) Test for cardiac glycosides
Concentrated H 2 SO 4 (1 ml) is prepared in test tube 5 ml of extract from each plant sample was mixed with 2 ml of glacial CH 3 CO 2 H containing 1 drop of FeCl 3 . The above mixture was carefully added to 1 ml of concentrated H 2 SO 4 so that the concentrated H 2 SO 4 was underneath the mixture. If cardiac glycoside was present in the sample, a brown ring will appear indicating the presence of the cardiac glycoside constituent.
vi) Alkaloids
Mayer's test -To the 1 ml of extract 1ml of Mayer's reagent (Potassium bismuth iodide solution) was added. Whitish yellow or cream coloured precipitate indicates the presence of alkaloids.
vii) Phenolic compounds
To the each plant extract 5% FeCl 3 solution was added. Deep blue-black colour indicates the presence of phenolic compounds.
RESULTS AND DISCUSSION
Phenetic Variation
Variations of glandular and non glandular trichomes with respect to the shape, length and number of cells were observed in the leaves of Piper species (Figure 01 ). Secretory cells were present in cross sections of leaves and stems. Non glandular trichomes were not observed in P. betle, P. walkeri and P. nigrum but they were observed in wild pepper species like P. sylsestre and P. zeylanicum. Glandular trichomes were observed in all the species.
It is reported that there is a great variability in the secretory materials of glandular trichomes such as polysaccharides, salts, lipids, essential oils, resin, proteins. Some plant leaf hairs have considerable flavonoid content (Werker, 2000) . Therefore the present findings would be useful in evaluating defensive mechanisms of these plants.
The distinguishing feature of pepper stem anatomy (Figure 02 ) is the distribution of vascular bundles. There are two rings of vascular bundles-outer and inner rings. There are secretory cells lining the mucilage canal. This is the typical anatomy of stem of Piperaceae (Ravindran et al., 2000) .
The two P. longum varieties, P. zeylanicum, P. sylvestre, P. nigrum and P. walkeri form one main cluster while P. chuvya, P. betle varieties and P. siriboa form the second cluster. P. nigrum and P. walkeri show close similarities. Maneru and Ratadalu show close relationships while Nagawalli separated from them. P. chuvya and P. siriboa form separate clades in the second cluster.
According to the PCA ( Figure 04 ) the first principal component (eigenvalue = 5.48092) was mainly influenced by leaf width (C) and leaf area (J) and leaf length (B). The second principal component (eigenvalue = 2.50088) was mainly influenced by shape of the leaf base (G), presence of fleshy spadix with concrescent berries (M), presence of stomata on adaxial epidermis (L). Leaf area and leaf width has similar correlations. The first two principal components explain 61.4 % of the total variance.
Glandular trichomes were observed in all the taxa while non glandular multicellular trichomes were observed only in P. zeylanicum and P. sylvestre. Fleshy spadices with concrescent berries were formed by P. longum, P. betle, P. siriboa and P. chuvya. P. walkeri showed close similarities with P. nigrum. Nagawalli has more similar characters with other betel varieties, but with a yellow patch on its green leaves. The Journal of Agricultural Sciences, 2016, vol.11, no. 3 Figure 04: PCA biplot; characters are symbolized by capital letters and described in Table 02 Qualitative Phytochemical Screening
Aqueous extract of the leaves confirmed the presence of tannins, flavonoids, terpenoids, glycosides and phenolics while alkaloids and saponins were not detected in the studied samples.
The phytochemical screening (Table 03) indicated the presence of tannins, flavonoids, terpenoids, glycosides, alkaloids and phenolic compounds in Piper spp. whereas saponins were not detected in this study. Most of the phytochemicals were extracted into methanol.
Besides the two crop plants (P. betle and P. nigrum) other species also revealed their similarities with respect to the phytochemicals which indicate the potential of utilizing these species in crop improvement programs. Piperine which is an alkaloid, is the principal compound responsible for pungency in black pepper. Similarly alkaloids were detected from the wild species suggesting the potential of the use of those in future crop improvement programmes. Hence, further studies are needed to quantify these phytochemicals to disclose the interspecific variation of the species. , 2015) . Wild relatives of these crop plants may rich with useful chemicals and, anatomical and morphological features that would aid to thrive in natural habitats with various abiotic stresses and pathogen and pest attacks. Therefore it is necessary to pay attention on crop wild relatives as they contain valuable traits that are beneficial for crop improvement programs.
CONCLUSIONS
The cluster analysis indicated close similarities between two P. longum varieties, P. zeylanicum and P. sylvestre, P. nigrum and P. walkeri while forming a main cluster. P. betle varieties were clustered together and showed close relationships with P. siriboa and P. chuvya within the second cluster. Hence betel cultivars are susceptible to diseases and has reported to develop epidemics in several cultivations which has caused economic losses to growers and to the economy of the country. Both P. siriboa and P. chuvya are found in wild hence their potential strengths of resistance can be used by plant breeders to develop improved betel varieties. Preliminary phytochemical screening revealed the presence of tannins, flavonoids, terpenoids, glycosides, alkaloids and phenolic compounds in all taxa.
